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DISPLAYING A HIERARCHICAL DATA
STRUCTURE WITHIN A GRAPHICAL USER
INTERFACE

BACKGROUND

The present invention relates generally to the field of data
processing, and more particularly to utilizing a graphical
user interface for navigating within a data structure.

Graphical user interface (GUI) 1s a type of user interface
that allows a user to interact with an electronic device
through mampulation of graphical 1cons and visual indica-
tors. GUIs may be used 1n many types of electronic devices,
such as smart phones, tablets, laptops, gaming devices, and
desktop computers. GUIs are mtended to simplify an end
user’s interaction with a software program with common
graphical 1cons referred to as widgets, thereby increasing the
usability of an electronic device.

SUMMARY

Embodiments of the present invention disclose a method,
computer program product, and system for dynamically
displaying a data structure within a graphical user interface.
A data structure 1s dynamically displayed within a graphical
user interface with an 1nitial setting information. User input
that provides instructions to adjust the setting information 1s
received. The received user mput 1s parsed to i1dentify a
position portion, a motion portion, and a magnitude portion.
The setting information 1s adjusted based on the received
user input. The data structure i1s dynamically displayed
according to the adjusted setting information.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and advantages of the
present mvention will become apparent from the following,
detailed description of illustrative embodiments thereof,
which 1s to be read in connection with the accompanying,
drawings. The various features of the drawings are not to
scale as the illustrations are for clarity in facilitating one
skilled 1n the art in understanding the invention in conjunc-
tion with the detailed description. In the drawings:

FIG. 1 illustrates a networked computer environment,
according to at least one embodiment;

FIG. 2 illustrates an operational flowchart illustrating an
example data structure adjustment process by a GUI pro-
gram, according to at least one embodiment;

FIG. 3 illustrates a close-up view of a portion of an
exemplary GUI implementation of a data structure repre-
sented as a radial map, according to at least one embodi-
ment;

FIG. 4 illustrates a close-up view of a portion of an
exemplary GUI contorted by a user mamipulating the GUI so
that a portion of the radial map 1s expanded, according to at
least one embodiment;

FIG. 5 illustrates a close-up view of a portion of an
exemplary GUI contorted by a user manmipulating the GUI so
that the radial map 1s tilted, according to at least one
embodiment;

FIG. 6 illustrates a close-up view of a portion of an
exemplary GUI implementation of a user selecting a graphi-
cal 1con within the GUI, according to at least one embodi-
ment; and

FIG. 7 1s a block diagram of internal and external com-
ponents of computers and servers depicted 1n FI1G. 1, accord-
ing to at least one embodiment.
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2
DETAILED DESCRIPTION

Detailled embodiments of the claimed structures and
methods are disclosed herein; however, 1t can be understood
that the disclosed embodiments are merely illustrative of the
claimed structures and methods that may be embodied 1n
various forms. This invention may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary embodiments set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete and will fully convey the
scope of this mvention to those skilled 1n the art. In the
description, details of well-known features and techniques
may be omitted to avoid unnecessarily obscuring the pre-
sented embodiments.

Tree structures are most widely used to display data 1n
hierarchical relations (e.g., in a digital library navigation).
However, this traditional linear tree structure has at least two
disadvantages. The first disadvantage 1s that, on mobile
devices where space 1s limited, the linear tree structure 1s not
space-ellective. A user can hardly get the entire tree structure
within a mobile display without mimimizing the tree struc-
ture so that 1t fits within the mobile screen, which may result
in making the tree structure extremely difficult to read
clearly, or moving the tree structure within the display up
and down, left and right. If the user wants to access data at
lower levels, the user would have to go down level-by-level
to reach the data he wants.

The second disadvantage 1s if the user zooms in on the
tree structure, a portion of the tree structure may not be
included within the mobile display, so he might easily forget
a part of the tree structure not within the mobile display. For
example, 11 the user wants to read a specific topic that 1s at
a {itth level in an online library, the user would have to
expand the parent topics individually over four levels. As the
user finally reaches the fifth topic, he might wonder or forget
how he reached the fifth topic. Furthermore, expanding or
folding a tree structure node on a touch screen 1s extremely
inconvenient.

Therefore, 1t may be advantageous to implement a data
structure as a radial map that includes one or more levels
within a GUI. This radial map 1s extendable 1n size at each
level to make a target level more prominent and clearly
visible to the user while minimizing levels that a user may
not want to view. The minimized levels may still be dis-
played within the GUI, but with less detail. Although the
minimized levels may have less detail, the user may still
access information from the minimized levels. This radial
map can be tilted to give the user a look down perspective,
which can foreground the target topics included within the
target levels, and background the unwanted topics that are
included within the minimized levels.

A feature of a radial map 1s that 1t 1s more “space-
cllective” than a linear-binary tree map, and 1s more suitable
for mobile devices that have a limited screen size. The user
can view details without losing the whole sight of the
structure, and the user would not need to go down level-
by-level 1n order to reach a specific topic. Radial maps can
accommodate touch screen gestures more efliciently than
tree structures. The user could modity the radial map with
different colors to show which topics are most frequently
visited or most recently visited (e.g. used for data analysis),
or are closely related to other topics. Moreover, historical
data may be recorded into a setting information table,
including the user’s preferences, to generate a radial map
customizable to the user. In some embodiments, the setting
information table may be an 1nitial setting information table
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that 1s the default setting information table. The generated
radial map may be displayed within a user’s device.

Aspects of the present disclosure are directed to improve-
ments 1n existing GUI devices that have no representation of
a data hierarchy as a radial map analog. Furthermore,
aspects of the present disclosure may require a speciiic,
structured graphical user interface paired with a prescribed
tfunctionality directly related to the graphical user interface’s
structure that 1s addressed to and resolves a specifically
identified problem of {fitting a data structure or a large
amount of data, that would not otherwise be able to fit within
the confines of a GUI display, within the display. Moreover,
the setting information table may have a system adminis-
trator (e.g., a computer system or processor) that may
intelligently condense the data according to known data
compression techniques in order to fit the data within a
particular space in memory, thereby freeing memory space
for data to be stored for other jobs. Aspects of the present
disclosure may have the historical data previously stored
within the setting information table saved within a data
repository for future use. Prior to display of the radial data
structure, a system may intelligently access historical data
stored within the data repository to determine a display
based on past user preferences, thereby saving time and
resources that would otherwise be wasted on the user
adjusting the data structure to his preferences. Aspects of the
present disclosure may display the last user settings that
were used for a particular application, or use saved settings
across multiple applications, and/or may synchronize with
other devices that the user owns, thereby reducing the other
device’s computing resources. Furthermore, one or more
processors and/or processing resources within the server that
would have been wasted on the user adjusting the data
structure within the GUI to match his preferences would be
saved to execute other jobs. Aspects of the present disclosure
may automatically convert the data structure from an origi-
nal data structure (e.g., tree) to a radial data structure based
on user preferences, thereby saving time and computing
resources.

It 1s to be understood that the aforementioned advantages
are example advantages and should not be construed as
limiting. Embodiments of the present disclosure can contain
all, some, or none of the aforementioned advantages while
remaining within the spirit and scope of the present disclo-
sure.

Referring to FIG. 1, an exemplary networked computer
environment 100 1n accordance with at least one embodi-
ment 1s depicted. The networked computer environment 100
may include a computer 102 with a processor 104 and a data
storage device 106 that 1s enabled to run a software program
108 and a GUI program 110. The networked computer
environment 100 may also include a server 112 that includes
a database 114 and can communicate over a communication
network 116 with the computer 102. The networked com-
puter environment 100 may include one or more computers
102 and servers 112, only one of which 1s shown. The
communication network 116 may include various types of
communication networks, such as a wide area network
(WAN), local area network (LAN), a telecommunication
network, a wireless network, a public switched network
and/or a satellite network. It should be appreciated that FIG.
1 provides only an illustration of one implementation and
does not imply any limitations with regard to the environ-
ments 1n which different embodiments may be implemented.
Many modifications to the depicted environments may be
made based on design and implementation requirements.
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4

The client computer 102 may communicate with the
server computer 112 via the communications network 116.
The communications network 116 may include connections,
such as wire, wireless communication links, or fiber optic
cables. As will be discussed with reference to FIG. 7, server
computer 112 may include internal components 902a and
external components 904a, respectively, and client computer
102 may include internal components 90256 and external
components 9045b, respectively. Server computer 112 may
also operate 1n a cloud computing service model, such as
Software as a Service (SaaS), Platform as a Service (PaaS),
or Infrastructure as a Service (IaaS). Server 112 may also be
located 1n a cloud computing deployment model, such as a
private cloud, community cloud, public cloud, or hybnd
cloud. Client computer 102 may be, for example, a mobile
device, a telephone, a personal digital assistant, a netbook,
a laptop computer, a tablet computer, a desktop computer, or
any type ol computing devices capable of running a pro-
gram, accessing a network, and accessing a database 114.
According to various implementations of the present
embodiment, the GUI program 110 may interact with a
database 114 that may be embedded i1n various storage
devices, such as, but not limited to a computer/mobile
device 102, a networked server 112, or a cloud storage
service. The database 114 can include a repository of any
transactions associated or mitiated with the GUI program
110. The GUI program 110 may be updated in any system
associated with the GUI program 110 (e.g., database 114).

According to the present embodiment, a user using a
client computer 102 may use the GUI program 110 that
receives user-input, that provides directions on how to
display a data structure within a GUI, interprets the received
user-input, and then dynamically displays an adjusted data
structure within a GUI based on the received user-input. The
dynamic data structure method 1s explained 1n more detail
below with respect to FIGS. 2, 3, 4, 5, and 6.

Referring now to FIG. 2, an operational flowchart 1llus-
trating an exemplary dynamic data structure adjustment
process 200 executed by the GUI program 110 according to
at least one embodiment i1s depicted. At 202, the GUI
program 110 displays a data structure with setting informa-
tion. The data structure may be displayed within a GUI, and
may be in any shape (e.g. a radial shape, an elliptical shape,
a square shape, and/or some combination thereof) that
expresses a data hierarchy (e.g., a tree graph). The setting
information may be the settings that define the shape of the
data structure. The setting information may also include
color, font, line length, line width, or any information
associated with the data structure. The setting information
may be 1n the form of a table, a list with categories and their
associated qualities, or a tuple. The setting information may
be a default setting information that displays the data
structure when a user requests to view the data structure.
Additionally, the setting information may be based on a
user’s historical data of previous data structure adjustments,
or a user’s predefined preference (e.g., color, shape, line
length, line width, font, etc.).

The data structure may be displayed within a computing
device (e.g., computer 102), mobile device (e.g., tablet,
smart phone, laptop, etc.), or the like. The computing device
or mobile device displaying the data structure may have a
touch screen able to receive user mput in the form of touch
or auditory commands, or receive mput from an external
device (e.g., a keyboard, a mouse, or a microphone). The
data structure may be information formatted in a categori-
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cally hierarchical structure (e.g., an employee organization
chart, a phylum, timeline with dates and associated events,
etc.).

At 204, the GUI program 110 receives user input that
provides instructions to adjust the setting information. The
user mput may be 1n the form of physical touch from a user.
For example, a user placing his fingers on the touch screen
and moving his fingers in a predetermined gesture that
signals the data structure to rotate or tilt in a certain way that
depends on the magnitude of the user imnput. The magnitude
of the user mput may be based on the amount of time the
user’s finger(s) 1s in contact with the touch screen, the
distance of the user’s fingers traversing the touch screen, or
the rate (distance of fingers traversing the touch screen per
time spent traversing the touch screen). In some embodi-
ments, the user input may be the amount of pressure exerted
by the user on the screen, the rate at which the user moves
his fingers along the screen, and/or the angular rotation of
the user rotating his fingers 1 a counter clockwise or
clockwise direction. The received mnput can be any number
of gestures adjusting the data structure within the GUI. For
example, the received input can be rotating the data structure
within the GUI with respect to any axis of the data structure
(c.g., along a longitudinal, horizontal, or zed axis). The
received 1mput can be a magnification of a certain portion of
the data structure and/or a compression of the remaining
portion of the data structure. In some embodiments, mag-
nifying the certain portion of the data structure may result in
compressing the remaining portion of the data structure.

Next, at 206, the GUI program 110 parses the received
user input to 1dentity a motion, position, and magnitude of
the received user mput. The GUI program 110 may utilize
analytical software to recognize the received user input by
comparing the mput to a set of predefined nputs, e.g., a
language (e.g., a computer programmable language, such as
C++, Python, Java, etc.) that 1s compatible with the setting
information. For example, there may be a rotation row or
column within the setting information table that corresponds
to a rotation of the data structure and a direction of that
movement, and the analytical software may recognize by
comparing the received user input within the table. In some
embodiments, the parsing may be accomplished by deter-
mimng the amount of pressure exerted by the user on the
screen, the rate at which the user moves his fingers along the
screen, and/or the angular rotation of the user rotating his
fingers 1 a counter clockwise or clockwise direction. In
some embodiments, parsing may include determining the
distance of the user’s fingers, or point at which the user
touches the screen, to the nearest level (e.g., Level A 302)
and then compare that distance to the distance to the next
closest level to the user’s point of contact with the screen, 1n
order to determine within a degree of certainty that the user
means to select a particular level within the GUI.

In some embodiments, the GUI program 110 may break
the mnput 1nto 1its syntactic and semantic components, and
then compare the syntactic and semantic components to a
anguage that 1s predefined with the setting information. The
GUI program 110 may then parse the compared user input
to 1dentily a motion (e.g., rotation, magnification, compres-
s10m, etc.) of the data structure, an 1nitial position, and a final
position of the motion, and a magnitude of the motion. In
some embodiments, the GUI program 110 may determine a
value for the position, the motion, and the magnitude. For
example, a grid for the GUI may be utilized to determine a
position value of the user contacting the touch screen, and
the position value may be 1n terms of the location of contact
within the grid. The motion value may be a direction of
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movement that the user i1s traversing his finger(s) across the
touch screen. The magnitude value may be the distance the
user traversed (e.g., rotational or translational distance) the
touchscreen per unit time.

At 208, the GUI program 110 adjusts the setting infor-
mation based on the received user mput. The GUI program
110 may 1nsert the parsed recerved user mput into the
information-setting table to replace the setting information.
For example, the determined values may be added to the
setting information table. In some embodiments, the setting
information may be from a previous time the user utilized
the GUI and the data structure may be dynamically dis-
played according to a previously received user input; the
determined values may replace the previously determined
values within the setting information table. The previously
determined values within the setting information table may
be stored 1n a data repository (e.g., database 114) for future
use. For example, statistical analysis may be performed on
the stores values 1n order to determine and/or predict user
preferences. This may be useful for when an ambiguous user
iput 1s recerved (e.g., the user placed his fingers almost
exactly between two levels) and the user may have histori-
cally adjusted one level more than the other level. In this
embodiment, the GUI program 110 may determine which
level the user chose. The GUI program 110 may adjust a
layout of the data structure based on the change in the
information-setting table. In some embodiments, the setting
information table includes options selected by the user, such
as font color and data structure shape.

At 210, the GUI program 110 dynamically displays the
data structure according to the adjusted setting information.
In some embodiments, the display may include a graphical
icon for the user to select that saves the current display of the
data structure, and/or a graphical icon that goes back to a
previous display. In some embodiments, the display may
turther include functionality that allows the user to modity
the color of nodes or the color of each level. In some
embodiments, not all levels may be adjusted equally. For
example, levels further from the adjustment point (e.g.,
further from the level being expanded) may be adjusted
more than levels closer to the adjustment point. Likewise,
portions (e.g., a portion that includes particular nodes or a
top portion of a level) within the same level may be adjusted
differently (e.g., with reference to FIG. 5 that includes a
tilted radial map, nodes in the foreground may be larger than
nodes 1n the background, even if the nodes are included in
a same level). In some embodiments, nodes near a user’s
finger may get larger (magmfied and/or zoomed 1n on) while
user 1s touching or hovering near screen. Once the GUI
program 110 dynamically displays the data structure accord-
ing to the adjusted setting information, the dynamic data
structure adjustment process 200 may terminate.

FIG. 3 illustrates an exemplary data structure displayed
within a GUI 300 using setting information, in accordance
with embodiments of the present disclosure. The exemplary
data structure 1s displayed within the GUI 300 as a radial
map that includes one or more levels: level A 302, level B
304, level C 306, and level D 308. Each of the one or more
levels 302, 304, 306, and 308 may have one or more nodes
that may represent a piece of digital mmformation, e.g. a
employee organizational chart or a pay scale chart, within a
data structure. Level A 302 may include four nodes: node A
310, node B 312, node C 314, and node D 316, that may each
represent a vice president for a particular division within the
organization. Level B 304 may include three nodes: node E
318, node F 320, and node G 322, that may each represent
a manager for the particular division. Level C 306 may
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include eight nodes that may each represent senior lead
engineers directly below the managers. Level D 308 may
include three different nodes that may represent associate
engineers reporting to a particular senior lead engineer. The
one or more levels 302, 304, 306, and 308 may be connected
through related nodes.

The GUI 300 may be displayed within any computing
device (e.g., computer 102) that includes a touch screen. The
computing device may be a mobile device (e.g., tablet, smart
phone, laptop, etc.). The touch screen may be able to receive
user input via a user touching the screen that can mampulate
the data structure within the GUI 300. The user may use his
fingers to expand a certain portion of the data structure (e.g.,
a certain level) while collapsing the remaining levels by
contacting the screen with two fingers and moving them 1n
opposite directions, as referred to i FIG. 4. The user may
rotate the data structure within the GUI 300 so that a certain
level may come to a foreground of the GUI while some of
the remaining levels are placed 1n a background of the GUI.
This may be accomplished by the user contacting the touch
screen with two fingers and then rotating each finger in a
clockwise or a counter clockwise direction, as referred to in
FIG. §.

FIG. 4 illustrates an exemplary data structure 400 with
adjusted setting information within a GUI 300 that has been
adjusted based on received user input by a user’s fingers
402, 1n accordance with embodiments of the present disclo-
sure. The received user input may be to expand the level C
306 while minimizing the remaining levels 302, 304, and
308. The mimmizing may include collapsing the levels 302,
304, and 308 so that detail of the levels 302, 304, and 308
may still be visible, and the detail may be selected, but the
detail 1s not interfering or obstructing level C 306. The level
C 306 may be expanded by a user contacting the touchscreen
at a position near level C 306 with two fingers and moving
them 1n opposite directions. The user may expand any level
302, 304, 306, or 308 by changing the location of contact to
a level he wants to expand. In some embodiments, the user
may expand multiple levels at the same time. For example,
the user may expand two adjacent levels (e.g., levels 306 and
308) by starting his finger motion from an area between the
two levels. The user may also readjust the display of the data
structure within the GUI 300 by contacting the touch screen
at the same position, and moving his fingers, starting from
a position that are far from each other, and then moving them
closer to each other. The user may also minimize certain
levels 302, 304, 306, and 308 without readjusting the
remaining levels the user did not minimize.

FIG. 5 illustrates an exemplary data structure with
adjusted setting information within a GUI 300 that has been
adjusted based on recerved user mput, in accordance with
embodiments of the present disclosure. The recerved user
input may be a user’s fingers 402 contacting a touchscreen
of the computing device. The user may rotate the data
structure within the GUI 300 so that a certain level (e.g.,
level D 308) may come to a foreground of the GUI while
some of the remaining levels (e.g., level A 302, level B 304,
and level C 306) are placed 1n a background of the GUI. This
may be accomplished by the user contacting the touch
screen with two fingers 402 and then simultaneously rotating
cach finger in a clockwise or a counter clockwise direction.
The rotation may occur after the level C 306 has been
expanded, as referenced in FIG. 4. The user may contact the
touch screen from any position on the touch screen with his
hand 402. The rotation of the data structure may be depen-
dent of on the position of the user’s contact with the touch
screen, as well as the magnitude of the contact. The rotation
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may be about an axis of the data structure. For example, the
rotation may occur along a vertical axis that 1s perpendicular
to the plane of the radial map, along a horizontal axis that 1s
within the plane of the radial map, or any combination
thereof. The detail in the background, such as portions of the
level A 302, level B 304, level C 306, and level D 308 may
be minimized so that a majority of the GUI 300 may display
the foreground of the GUI 300 more clearly.

FIG. 6 illustrates an exemplary data structure with
adjusted setting information withuin a GUI 300 that 1s dis-
playing a node’s mnformation 602 response to a user’s fingers
402 hovering over the node, in accordance with embodi-
ments of the present disclosure. The node’s information 602
may be in the form of a box with text that includes a
summary of any information related to the node. In some
embodiments, the node’s information 602 may display 1n
response to the user’s fingers 402 being within a proximity
(e.g., within one, two, or more pixels) of the node. Any
node’s information may be displayed when the user’s fingers
402 hovers over, or 1s within a proximity of, the node, even
for nodes that have been minimized from levels collapsing,
or are 1 a background. The user may enlarge the node’s
information 602 to a predefined size by making contact
anywhere within the node’s mnformation 602 box. The
predefined size may be a multiple of the current node’s
information 602 box size. For example, the predefined size
may be multiplying the resolution by a number (e.g., 1.5, 2,
etc.), or by adding a predefined number of pixels to the
length and to the width of the node’s information 602 box.
In some embodiments, the node’s information 602 may be
expanded or contracted by a user dragging the outline of the
node’s mformation 602 box 1n any direction.

It may be appreciated that FIGS. 2, 3, 4, 5, and 6 provide
only an illustration of one embodiment and do not imply any
limitations with regard to how different embodiments may
be immplemented. Many modifications to the depicted
embodiment(s) may be made based on design and imple-
mentation requirements.

FIG. 7 1s a block diagram 900 of internal and external
components of computers depicted i FIG. 1 1n accordance
with an illustrative embodiment of the present invention. It
should be appreciated that FIG. 7 provides only an illustra-
tion of one implementation and does not imply any limita-
tions with regard to the environments in which different
embodiments may be implemented. Many modifications to
the depicted environments may be made based on design
and 1mplementation requirements.

Data processing system 902a, b, and 904aq, b 1s represen-
tative of any electronic device capable of executing
machine-readable program instructions. Data processing
system 9024, b, and 904a, b may be representative of a smart
phone, a computer system, PDA, or other electronic devices.
Examples of computing systems, environments, and/or con-
figurations that may represented by data processing system
9024, b, and, 9044, b 1include, but are not limited to, personal
computer systems, server computer systems, thin clients,
thick clients, hand-held or laptop devices, multiprocessor
systems, microprocessor-based systems, network PCs, mini-
computer systems, and distributed cloud computing envi-
ronments that include any of the above systems or devices.

User client computer 102 (FIG. 1), and network server
112 may include respective sets ol internal components
9024, b and external components 9044, b illustrated 1n FIG.
7. Each of the sets of internal components 902a, b includes
one or more processors 906, one or more computer-readable
RAMs 908, and one or more computer-readable ROMs 910

on one or more buses 912, and one or more operating
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systems 914 and one or more computer-readable tangible
storage devices 916. The one or more operating systems 914
and the software program 108 and the GUI program 110 1n
client computer 102 in network server 112 (FIG. 1), may be
stored on one or more computer-readable tangible storage
devices 916 for execution by one or more processors 906 via
one or more RAMs 908 (which typically include cache
memory). In the embodiment 1llustrated 1 FIG. 7, each of
the computer-readable tangible storage devices 916 1s a
magnetic disk storage device of an internal hard dnive.
Alternatively, each of the computer-readable tangible stor-
age devices 916 1s a semiconductor storage device such as
ROM 910, EPROM, flash memory or any other computer-
readable tangible storage device that can store a computer
program and digital information.

Each set of mternal components 902q, b also includes a
R/W drive or mterface 918 to read from and write to one or
more portable computer-readable tangible storage devices
920 such as a CD-ROM, DVD, memory stick, magnetic
tape, magnetic disk, optical disk or semiconductor storage
device. A software program, such as the software program
108 and the GUI program 110 can be stored on one or more
of the respective portable computer-readable tangible stor-
age devices 920, read via the respective R/W drive or
interface 918 and loaded into the respective hard drive 916.

Each set of internal components 902a, » may also include
network adapters (or switch port cards) or interfaces 922
such as a TCP/IP adapter cards, wireless wi-11 interface
cards, or 3G or 4G wireless 1nterface cards or other wired or
wireless communication links. The software program 108
and the GUI program 110 1n client computer 102 in network
server computer 112 can be downloaded from an external
computer (e.g., server) via a network (for example, the
Internet, a local area network or other, wide area network)
and respective network adapters or interfaces 922. From the
network adapters (or switch port adaptors) or interfaces 922,
the software program 108 and the GUI program 110 1n client
computer 102 1n network server computer 112 are loaded
into the respective hard drive 916. The network may com-
prise copper wires, optical fibers, wireless transmission,
routers, firewalls, switches, gateway computers, and/or edge
SErvers.

Each of the sets of external components 904aq, 5 can
include a computing device 924 that may be a mobile device
(e.g., tablet, smart phone, laptop, etc.) 924 or any computing
device with an integrated touch screen capable of receiving
user mput as described 1n the present disclosure, a keyboard
926, and a computer mouse 928. External components 9044,
b can also include touch screens, virtual keyboards, touch
pads, pointing devices, and other human interface devices.
Each of the sets of internal components 9024, b also includes
device drivers 930 to interface to computing device 924,
keyboard 926 and computer mouse 928. The device drivers
930, R/W drnive or interface 918 and network adapter or
interface 922 comprise hardware and software (stored in
tangible storage device 916 and/or ROM 910).

The present invention may be a system, a method, and/or
a computer program product at any possible technical detail
level of mtegration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
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clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
istructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present imvention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine 1nstructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or etther source code
or object code written 1n any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
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understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
istructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program 1nstructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the mstructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted in the Figures. For example, two blocks shown in
succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations ol special purpose hardware and computer
instructions.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope of the described
embodiments. The terminology used herein was chosen to
best explain the principles of the embodiments, the practical
application, or techmical improvement over technologies
found i the marketplace, or to enable others of ordinary
skill 1n the art to understand the embodiments disclosed
herein.

What 1s claimed 1s:

1. A method for dynamically displaying a data structure
within a graphical user interface (GUI), the method com-
prising:
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displaying, 1n a GUI, a hierarchical data structure accord-

ing to an mitial setting information, wherein the setting
information includes text color options, data structure
shape options that define an 1nitial shape for the hier-
archical data structure, text font, line length, and line
width, wherein the setting information 1s based in part
on a user’s historical data of previous data structure
adjustments;

recerving user imput to adjust the setting information,

wherein the received user mput 1s to expand a first
portion of the data structure while minimizing a second
portion of the data structure, wherein the user put 1s
in the form of physical touch from a user;

parsing the recerved user input to i1dentify a position

portion, a motion portion, and a magnitude portion;

storing the parsed received user mput into a data reposi-

tory for future use;

updating a user’s preference based on the stored parsed

received user mput;

utilizing statistical analysis techniques on the parsed

received user input 1n order to predict user preferences;

determiming a value for each of the position, the motion,

and the magnitude 1n response to parsing the received
user input, wherein the position value 1s the position of
a touch screen where the user contacts, the motion
value 1s a direction of rotational and translational
movement of the user contacting the screen, and the
magnitude value 1s a distance the user traversed on the
touch screen per unit time;

adding the determined position value, motion value, and

magnitude value to a setting information table to be
saved for future use;

adjusting the setting information based on the position

value, motion value, and magnitude value, wherein the
adjusted setting information includes new data struc-
ture shape options that define a new shape for display-
ing the data structure; and

dynamically displaying, in the GUI, the data structure

according to the new shape using the adjusted setting,
information, wherein the data structure 1s displayed as
a radial map, wherein each of two or more levels of the
radial map includes at least one node that links to one

or more further nodes of a different level, wherein all of
the nodes of the two or more levels are displayed 1n the
GUI i both the initial shape and the new shape,
wherein dynamically displaying the data structure fur-
ther comprises:

changing a size of a first set of nodes 1n a first level of
the two or more levels relative to a size of a second
set of nodes 1n a second level of the two or more
levels:

changing a space between the first set of nodes 1n the
first level and the second set of nodes 1n the second
level;

dynamically displaying node information for a particu-
lar node that 1s included within one of the two or
more levels of the radial map 1n response to the user
hovering over the particular node;

receiving a second user input to adjust a shape of a
container that the particular node information 1s
displayed within; and
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adjusting the shape of the container based on the
recetved second user mput, wherein adjusting the
shape of the container includes expanding or con-
tracting the shape of the container such that a shape
of at least one further node that 1s linked to the 5
particular node 1s also adjusted.
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